Introduction
In 2006, the European Union banned the use of antibiotics as growth promoters in animal feed (Langhout, 2000; Huyghebaert et al., 2011) , mainly due to the possibility of development of bacterial resistance and a possible relation to the transfer of this resistance to human pathogens (M'ikanatha et al., 2010 (M'ikanatha et al., , Medeiros et al., 2011 Cosby et al., 2015) .
The aforementioned fact attracted the attention of nutritionists and stimulated studies aiming alternative additives to antibiotics. In this sense, organic acids are being used in diets to control enteritis due to their bacteriostatic and bactericidal properties through the dissociation of ions into the cellular interior of bacteria (Ricke, 2003) . However, researches using organic acids in mixtures (blends) make it difficult to identify the individual effect of each acid (Hassan et al., 2010 , Saki et al., 2012 . Another issue is related to the variability of in vivo results in the literature, since the effects of organic acids depend on several factors such as type of challenge, chemical formula and place of action in the gastrointestinal tract (Hernandez et al., 2006) .
The control of the intestinal microbiota is associated with an adequate nutrition. The presence of beneficial bacteria such as those producing lactic acid may help to promote a more efficient immune response (Yasui et al., 1999 ). An efficient vaccine response against Newcastle disease is required in poultry lots because of the devastating potential this disease has. Talebi et al. (2008) demonstrated that a mixture of probiotics improved the antibody response of broilers to Newcastle disease.
In view of the above, the objective was to evaluate the use of isolated and associated lactic and butyric acids as alternatives to avilamycin for the immune response of broiler chickens to Newcastle disease.
Material and methods
70 days-old Ross male broilers were used. The birds were raised up to 35 days of age in boxes with rice husks, pendulum drinkers and tubular feeders.
A completely randomized design with a 2×2+1 factorial arrangement was used, with the presence or absence of lactic acid (0.2% and 0.15% of inclusion in the diet at the initial and growth stages, respectively) and butyric acid (0.05% and 0.03% of inclusion in the diet at the initial and growth stages, respectively), plus a control treatment using avilamycin (inclusion of 0.01% in the diet at all stages), constituting five treatments and seven replicates with two birds per experimental unit.
The feed was isonutritive and formulated based on corn and soybean meal. It was divided into two phases: initial (1-21 days of age) and growth (22-35 days). The additives were included in substitution for the inert material (kaolin), as shown in Table 1 . The birds were vaccinated against Newcastle disease via ocular route with the live and attenuated vaccine of the VG/GA strain at 14 days of age. The doses administered were used according to the manufacturer's recommendation (0.03 mL) at a ratio of 30 mL/1,000 doses. At 14 (before vaccination), 21 and 35 days, blood samples were collected from the birds by ulnar vein puncture. The samples were placed in microtubes without anticoagulant and centrifuged to obtain the serum. They were then subjected to an ELISA immunoenzymatic assay to detect and quantify antibodies against Newcastle disease virus using the results of Average Antibody Titers. Purchase et al. (1989) described the methodology used for these analyses. The indirect ELISA test (IDEXX ® ) was conducted according to the manufacturer's instructions, and the results were calculated and interpreted using the xChek ® software. According to the manufacturer, samples with titers below 396 may be considered negative; above this value, they mean vaccination or exposure to Newcastle disease virus.
The results were analyzed using the SAS system (2008). The normality of the residues was verified by Shapiro-Wilk test and the homogeneity of the variances was verified by the Hartley test (Ott, 1983) . Data were submitted to analysis of variance using the General Linear Model procedure (PROC GLM). The orthogonal contrasts methodology was used to separate the effects of the treatments. The effects of the acids were evaluated by comparing the diets without antibiotic: main effect of lactic acid (contrast 1: diets with lactic acid vs. diets without lactic acid), main effect of butyric acid (contrast 2: diets with butyric acid vs. diets without butyric acid), and interaction effect of both acids (contrast 3: contrast 1 × contrast 2). The fourth contrast comprised the treatment with antibiotic vs. all other treatments. A level of significance of 5% was used in all tests performed.
Results and discussion
At 14 days of age, prior to broiler vaccination, there was no significant difference among the groups. During this period, antibody titers are considered passive (maternal), justifying the absence of significant effects even after 14 days of experimental diets (Table 2 ). This study corroborated with Andrade (1988) , who reported the influence of maternal antibodies on the immunity of broiler chickens up to 14 days of age. In addition, the same author indicated that the best period for bird vaccination is at 14 days of age, in which the humoral immune response against Newcastle disease virus is shown to be more effective. (1) Data represent means of seven replicates (n = 2 per replicate) in a treatment group.
(2) SE, pooled standard error.
At 21 days of age, there was no significant difference between the groups. In the last collection, at 35 days of age, the effect of the interaction between organic acids on the increase of antibody titers was observed. The combined action of lactic and butyric acids presented a higher titer of antibodies when compared to isolated organic acids and avilamycin, demonstrating a synergistic effect between these two acids (Figure 1) .
The results obtained corroborate with those of Jahanian (2011) , who found an increase in antibody levels against Newcastle disease virus by using butyric acid alone + glycerides only after 12 days of vaccination. Houshmand et al. (2012) and Kazempour & Jahanian (2011) observed an increase in antibody titers against Newcastle disease at 7 and 14 days after vaccination of broilers and laying hens, respectively, by using butyric acid + glycerides. Zhang et al. (2011) observed positive influences of isolated butyric acid on poultry immunity, especially when they are under stress. Abdel-Fattah et al. (2008) found less pronounced effects of the addition of lactic acid alone into broiler diets in relation to citric and acetic acids on the concentration of thyroid hormones, which are related to promotion of immunity. On the other hand, Palamidi et al. (2016) , using a mixture of organic acids in the diet of broilers, observed a synergism between them and benefits in promoting broiler immunity.
Figura 1 -Simple effects of the interaction on antibody titers against Newcasttle's disease virus in broilers fed with organic acids as an alternative to avilamycin, at 35 days of age. Values followed by distinct letters differ by the Tukey test (P < 0.05).
The probable physiological mechanisms involved in the action of organic acids are related to their ability to modulate the microorganisms present in the intestinal lumen, which are fundamental during digestive and nutrient absorption processes (Silva Júnior, 2009 ). For a proper immune response, the nutritional requirement appears to be greater than those that are needed for maximum performance in without challenge conditions. In this sense, Klasing (1998) highlighted the use of nutrients by the immune system as substrates for cell proliferation and the production of fundamental molecules for a defense response. Another factor to be considered was indicated by Abdel-Fattah et al. (2008) , who observed a substantial increase in the ratio of thyroid hormones T3:T4 with the supplementation of organic acids in the diet, indicating a better immuno-competence of these birds.
In this study, butyric and lactic acids showed no benefit on broiler immunity from their isolated use. In the literature, butyric acid was shown to be beneficial in isolation, which did not occur with lactic acid (Jahanian, 2011; Zhang et al., 2011) . More pronounced effects were found by combining butyric and lactic acids in our experiment, indicating a synergism among these organic acids, a factor that, therefore, should be considered in their use as a physiological tool to modulate the immune response of chickens.
Conclusion
The combination of butyric and lactic acid increases the immune response against Newcastle disease of broiler chickens after 14 days of vaccination. 
